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Eutrophication in the River Meuse 
J.-P. DESCY 
Unit of Freshwater Ecology, Department of Biology, Facultés Universitaires Notre-Dame de la 
Paix, Rue de Bruxelles 61, B-5000 Namur, Belgium 
The severe problems caused by large phytoplankton populations in the River Meuse date back 
to the beginning of the 1980s. However, no clear relationship can be established between an 
increase of algal growth and dissolved nutrient concentrations, at least in the Belgian part of 
the river. Most probably, plankton algae start developing in France, utilizing large inputs of 
phosphorus from some of the tributaries: this point will be investigated further, as well as the 
effect of a reduction in the releases of phosphorus. 
A mathematical model helps to understand the main factors which control algal growth: 
underwater light, temperature, discharge and grazing by zooplankton. The last is a major loss 
process in summer and, as shown by recent observations, may trigger a seasonal succession 
leading to dominance by large phytoplankton taxa. 
With regard to water quality, eutrophication is a major problem in drinking-water treatment 
(filter clogging, etc.) and large numbers of decomposing algae may adversely affect the oxygen 
budget of the river. On the other hand, algal photosynthesis is the most important oxygen 
source at periods of low discharge, and reduced algal production may result in dramatic oxygen 
decreases in heavily polluted stretches of the river. 
Introduction 
The eutrophication problems in large rivers, leading to the development of huge amounts of 
phytoplankton, have received less attention than in lakes. The same is true for the ecology of 
river phytoplankton. Some of the first studies on production and composition of suspended 
algae communities in rivers were done 20 years ago in Britain with, for instance, the study of 
the Rivers Thames and Kennet (Lack 1971; Lack & Berrie 1974). Another example is the 
complete analysis of composition and evolution in time, carried out by Szemes (1964) for the 
River Danube in Hungary. Since then, most of the attention paid to river phytoplankton - or 
potamoplankton - has been linked to the eutrophication problem and, from the beginning of the 
1980s, numerous publications have dealt with increases of algal biomass, as well as the 
changes in composition of communities in some large rivers (see Descy 1987 for a brief 
review). Thanks to many studies, based on field measurements, experimental cultures and 
modelling at various scales of space and time, the dynamics of potamoplankton are currently 
well understood, at least with regard to the major mechanisms that control the wax and wane of 
the algal community as a whole. 
In comparison with lakes, large rivers - where suspended algae can develop dense and 
diverse communities - can be viewed as water-bodies with the following features. (1), Very 
short residence times which vary with the flow rate, i.e. the river discharge in a given cross-
section. (2), Turbulent mixing throughout the year: the water column is typically not stratified, 
except at very low discharges. (3), There is an important nutrient supply from the watershed 
and the sediments, so that nutrient depletion is seldom observed. 
Furthermore, the high concentration of suspended matter reduces the vertical penetration of 
light. So, according to Reynolds (1984a, b, 1988), the river phytoplankton should be dominated 
by "w" or "R" species, able to grow in a strongly disturbed and light-limited environment: it 
should therefore be similar to the phytoplankton of eutrophic (or mesotrophic) lakes during the 
major mixing events (spring and autumn circulation), with high availability of nutrients and a 
steep gradient of light related to the high ratio of mean depth : euphotic zone (Zm : Zeu ratio). The 
theory is consistent with observations: the phytoplankton of large rivers is dominated by 
diatoms (Asterionella, Stephanodiscus spp.) during spring and autumn, while green algae 
(mostly Chlorococcales) and cryptomonads may develop best in summer conditions. 
Eventually, at very low discharges, a typical succession leading to dominance by buoyant 
Cyanobacteria (Microcystis aeruginosa Kütz., Oscillatoria agardhii Gom.) may be observed. 
The river discharge is a major integrating factor related to important processes affecting 
algal communities (rate of turbulent mixing, nutrient supply from the watershed and the 
sediment, light regime in the water column via the amount of suspended matter). Furthermore, 
discharge controls phytoplankton growth through a "dilution" process, as stated by Descy et al. 
(1987): in a given river stretch of length x, the "dilution rate" depends on the reciprocal of the 
cross-section area (1/A) and the linear lateral inflow (dQ/dx). Suspended algae can build up 
significant populations only when their net growth rate (taking into account the loss factors) 
exceeds the dilution rate. This control of algal development by discharge favours more fast-
growing and disturbance-tolerant algae (i.e. the "colonizers" or "pioneers"), at least in 
fluctuating conditions. 
In this paper, particular attention is given to the River Meuse, which flows through three 
European countries, with regard to different aspects of planktonic eutrophication. 
The River Meuse 
The Meuse (Fig. 1) rises in the east of France (in the entity called the "Rhin-Meuse" basin) and 
flows through Belgium and the Netherlands, where it forms a common estuary with the River 
Rhine, the Dutch Delta, which flows into the North Sea. The total length of the river is 885 km 
and its catchment area is 36,000 km2, 40% of which lies in Belgium. The discharge, measured 
at Ampsin-Neuville (Belgium), is characterized by large variations between winter (typically 
200-800 m3 s-1 and up to 2000 m3 s-1 in severe floods) and summer (often less than 30 m3 s-l). 
The low-flow period can extend from July to late November, and the most important 
management and water-quality problems occur at that time. The Meuse is a source of drinking 
water for an estimated five million people in Belgium (mainly for Brussels and Antwerpen) 
and the Netherlands; in Belgium, the main water-treatment plants are located in Tailfer (Fig. 1) 
(direct intake from the Meuse) and near Antwerpen, where the water is taken from the Albert 
Canal. Like many large rivers, the Meuse is also regulated for navigation. In particular, the 
Belgian section has been and still is submitted to heavy and ecologically harmful management 
practices, which have eliminated all the bankside vegetation, once well-developed along its 
entire length and still present at some places 20 years ago. 
The land-use on the catchment is mainly devoted to agriculture, forestry and livestock 
farming; some industrial areas also exist. They are mostly located in Belgium, on the Sambre 
and around Liege. Further details can be found in Descy & Empain (1984) and Descy & 
Mouvet (1984). 
History of eutrophication in the River Meuse 
The first signs of important algal blooms in the Meuse date back to the beginning of the 1980s, 
when blooms were also reported in the French Meuse and the Albert Canal. In France, the first 
"crises planctoniques" were detected by an abnormal brown colour of the water, beginning in a 
stretch at about 150 km from the source (Léglize & Salleron 1988). Since then, the 
phenomenon has been monitored by measurements of chlorophyll-a from May to September: 
the data show a rise of the biomass maxima year after year, at least up to 1986 (300 mg chla 
m-3). The blooms were mostly due to "small Stephanodiscus", i.e. centric diatoms of the genus 
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Figure 1. Map of the River Meuse basin, with some important localities cited in the text; the dotted area is 
the Belgian part of the catchment (about 40% of the total area). 
Stephanodiscus (S. hantzschii and fo. tenuis, S. parvus, S. invisitatus, etc.). The origin of the 
blooms was found to be the River Vair, a heavily eutrophicated tributary coming from Vittel, 
where detergents and phosphoric acid were being used in a factory for cleaning glass bottles to 
contain, of all things, drinking water! 
In Belgium, the alarm was sounded by the AWW, the company which produces drinking 
water for Antwerp. They found that taste and odour of water from the Albert Canal were 
getting worse. Thanks to the monitoring of the Meuse, organized by the AWW and dating back 
to the 1970s, the evolution of algal blooms in time can easily be shown (Fig. 2). Again, there 
was a steady increase of the algal biomass, particularly from 1980 onwards, even though 
sporadic maxima were recorded in the 1970s. Meanwhile, various problems due to excess of 
microscopic algae in the water had arisen in the treatment plants, mainly clogging of the filters 
at the intakes. Along with these problems, monitoring of chlorophyll-a has been done on a 
daily basis at the CIBE treatment plant at Tailfer (Fig. 3) and the relationship between algal 
biomass and the frequency of filter-cleaning processes has been clearly established (Fransolet, 
Figure 3. Evolution of phytoplankton biomass (chlorophyll-a, mg m-3) in the River Meuse at Tailfer 
(Beglium), from January 1983 to December 1991. The data (daily measurements) are from the CIBE 
(Brussels Water Supply Company, Belgium). 
Figure 2. Evolution of phytoplankton biomass (chlorophyll-a, mg m-3) in the River Meuse at Namêche 
(Belgium), from 1973 to 1988. The data (monthly or weekly measurements) are from the Antwerpse 
Waterwerken (AWW, Antwerp, Belgium) and the graph was supplied by the "Centre Environnement", 
University of Liege (Belgium). 
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pers. comm.). The drinking-water supply was particularly impeded during 1990, when the 
highest chlorophyll maxima of the past seven years took place. 
At this point several questions remain unanswered: what are the factors favouring 
eutrophication in the Meuse, are they similar in other large rivers, and will eutrophication 
develop further? 
Development of river eutrophication 
In large European rivers, planktonic eutrophication has been developing over the past 20 years 
or so: examples from the rivers Danube, Rhine, Loire and many others can be found in the 
literature. As in lakes, the factors responsible for excess growth of algae at some periods are 
clearly nutrients, provided that conditions of light and temperature enable algae to grow. Also 
as in lakes the main, if not the only responsible nutrient, is phosphorus. Limitation by nitrogen, 
coming in large amounts from drainage of the watershed, is highly unlikely. By contrast, when 
a large bloom of diatoms develops, the silica demand may deplete this element so that it may 
become limiting for the siliceous algae. These conditions may, together with other factors, 
trigger a community change towards dominance by green algae, when silica depletion lasts for 
more than a few days (Si is normally supplied in large amounts by the watershed). 
If phosphorus is the limiting factor, why did severe eutrophication appear so late? As a 
matter of fact, the concentration of soluble reactive phosphorus in a river like the Meuse in the 
Belgian section, has been at saturating levels (> 0.1 mg 1-1) for a long time. Various answers 
have been proposed. For example, there may have been a decrease in toxicity of some 
micropollutants (e.g. Pb, Cd) which were released in large amounts in the 1970s. However, this 
holds true for stretches of the river receiving industrial pollutants, but not elsewhere. Climate 
changes could possibly play a role, but then, why did plankton blooms not occur in 1976? Why 
has there been a steady increase since 1980? 
Figure 4. Comparison of the evolution of chlorophyll-a (mg m-3) in 1990 at three sites on the River 
Meuse: * , St-Mihiel (France); —, Tailfer (Belgium); , Namêche (Belgium). The data for St-Mihiel 
(Measurements twice a week) were supplied by the "Agence de Bassin Rhin-Meuse", Rozerieulles, 
France. 
Figure 5. Simulation of the phytoplankton biomass (g C m-3) from the source of the River Meuse in France 
to the Belgian-Dutch border, according to the PEGASE model (Centre Environnement, University of Liege, 
Belgium). A, typical summer conditions (20°C, insolation 2200 joules cm-2 d-1, discharge 50 m3 s-1). B, 
typical spring conditions (15°C, insolation 1800 joules cm-2 d-1, discharge 200 m3 s-1). The main tributaries 
are indicated on the upper horizontal axis and some localities are shown on the lower horizontal axis. 
For the Meuse, no satisfactory explanation can be found when only the Belgian section of 
the river is considered. But when events in the French section of the Meuse are taken into 
account, it becomes clear that the phytoplankton development begins somewhere in France and 
the algae can grow further downstream, as long as they can maintain a significant net 
production without undergoing important losses. This is supported by evidence from 
chlorophyll measurements at distant sites (Fig. 4), as well as by mathematical model 
simulations (Fig. 5). These models demonstrate that, in summer conditions, without grazing by 
the zooplankton, the phytoplankton can reach a peak biomass (equivalent to c. 150 mg chla 
m~3) entirely within the French territory. What happens downstream is a decrease, partly due to 
dilution by tributaries (Fig. 5A; see details of the "scenario" in the figure legend). Under other 
seasonal conditions (Fig. 5B) the (lower) biomass maximum will be achieved further 
downstream. 
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The effects of eutrophication in rivers are well-known: at the shortest time scales (hours, days), 
biological activities, which are roughly proportional to the biomass of the organisms, induce 
variations of dissolved oxygen and pH. Due to reaeration and mixing of the water column, 
these effects are less dramatic than in lakes. Nevertheless, in some heavily eutrophicated rivers, 
oxygen depletion may occur every night and eliminates all animal life except a few very 
tolerant species. Other effects are indirect, like toxicity of ammonia, and changes in the 
composition of communities (including Cyanobacteria blooms). The decay of dead 
autochthonous organic matter is a typical harmful consequence which occurs at longer time 
scales: in the case of planktonic eutrophication, the delayed organic pollution is transported 
some distance from the point where the growth of algae began. These effects occur either 
seasonally, when the decrease of sunlight, water transparency and temperature do not permit 
the maintenance of algal cells, or are due to another mortality factor. A good example may be 
provided by simulation of the ecological impact of the nuclear power plant of Tihange, 
upstream of Lièige. In order to determine the rules to be applied to the thermal release of this 
plant, the "Meuse ecological model" was implemented with "impact functions" describing 
inhibition and/or mortality of plankton passing through the circuits, as well as thermal effects 
in the downstream stretch of the river. The simulations, validated afterwards by diel 
measurements, showed that the operation of the plant during summer results in a maximal 
oxygen deficit of 2 mg l-1 at a variable distance from the plant, depending on the flow rate (Fig. 
6). The deficit is due to oxygen consumption by heterotrophic bacteria which decompose the 
organic matter from dead phytoplankton and zooplankton. As the mortality rate of a function of 
the proportion of the river flow passing though the plant, a maximal effect occurs when a large 
amount of phytoplankton drifts downstream from above the plant intake. 
The (harmful) effects of eutrophication in rivers 
Even if these simulations can be improved (e.g. by a better physical description of the 
French Meuse) they show very well how the process is dynamic in the spatial dimension. 
Hence, any attempt to control eutrophication should begin by taking appropriate measures in 
France, based on reducing the inputs of phosphorus and taking into account phosphorus uptake, 
storage and utilization by the algal cells flowing downstream, while their environment (light, 
temperature, depth of the water column, discharge, presence of zooplankton) is changing along 
the way. 
Reductions of phosphorus are already under way in France, since 1986, for instance by 
treating some industrial releases (removal of phosphorus in the water-purification plants) or by 
changing the processing of industrial products (Léglize & Salleron 1988). However, the 
industrial releases of phosphorus represent only 10 to 34% of the total inputs in the French 
Meuse; some effort must still be made to reduce inputs in domestic sewage. Nevertheless the 
outcome is not at all clear, as there is no evidence that reductions of phosphorus will actually 
make it limiting in the rivers. Furthermore, an international collaboration is still to be 
established. For instance, very few if any actions have been taken to remove phosphorus inputs 
to the Meuse in Belgium. 
One question remains unanswered: why did eutrophication not develop sooner? The most 
likely hypothesis is that classic sewage treatment has been designed to eliminate carbon and 
reduce suspended matter, while releasing huge amounts of readily available phosphorus into 
the recipient water-bodies. Less allochthonous organic matter and improved light conditions 
favour primary production: this could explain why river eutrophication is so widespread and 
receives more attention. 
J.-P. Descy 138 
Figure 6. Simulation showing daily maxima and minima for dissolved oxygen concentrations (g m-3) in the River Meuse, during 1983. Simulated values are for 
upstream (solid lines) and some 15 km downstream (dotted lines) of the Tihange nuclear power plant, The mathematical model used is the "Meuse ecological 
model", partly described by Descy et al. (1987), implemented with impact functions assessing the physiological and lethal effects on the plankton entrained into 
the plant. 
Figure 7. Observations of maxima and minima of dissolved oxygen concentrations (mg l-1, upper 
diagram) and chlorophyll concentrations (fluorescence measurements, lower diagram) in the River 
Moselle downstream from the French-German border, in July and August 1990. Data supplied by J.-L. 
Salleron, "Agence de Bassin Rhin-Meuse", Rozerieulles, France, 
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Other (useful) eutrophication effects 
In large regulated, deep and slow-flowing rivers, photosynthesis is the main process producing 
oxygen in the water column, while reaeration is negligible in the oxygen budget. The 
photosynthetic oxygen input is essential for maintaining water quality in stretches of river 
receiving organic sewage, in order to balance the oxygen demand of decomposer organisms. 
An example is the Meuse downstream of Liege, which receives a great amount of untreated 
domestic and industrial sewage. During summer the oxygen level falls to 2 mg l-1 (or less!) 
when the phytoplankton biomass is low (less than 20 mg chla m-3), whereas a concentration 
exceeding 5 mg 1-1 is maintained (in daylight) for a biomass greater than 40 mg chla m-3. 
Another example showing that a lack of phytoplankton leads to a deficit of the oxygen 
budget is given by the River Moselle, downstream from the French-German border (Salleron, 
pers. comm.). Following a decrease of the algal biomass, low oxygen concentrations persisted 
for at least three weeks in August 1990 (Fig. 7). Most likely the phenomenon is due to biotic 
interactions, i.e. grazing by zooplankton and parasitism by chytrids, which seem to be 
important in the Moselle (Descy & Willems 1991). 
Conclusions and perspectives 
A scarcity of algae in large regulated rivers may result in problems caused by poor 
oxygenation, but an excess of algae is harmful in many ways, resulting in a widespread and 
uncontrolled decrease of water quality and creating problems for various water-uses by man as 
well as functional and structural changes in the aquatic ecosystems. Moreover, it must be 
emphasized that the blooms we see in rivers are only the visible part of the transport of 
nutrients to the sea, where they will arrive sooner or later. Rivers do not store phosphorus for 
long periods of time in their sediments, and the phosphorus taken up by the biomass is quickly 
released into the water. That is why the only realistic and ecologically right way to limit 
eutrophication is to reduce phosphorus inputs into surface waters. However, in the short term, 
the measures which can actually be taken to reduce phosphorus inputs to rivers might not limit 
eutrophication at all. For instance, the 40 to 60% reduction planned by the Rhin-Meuse Water 
Authority in France will be costly but it might not be effective in reducing algal growth in the 
Meuse. So the prospects are bleak, unless the policy for controlling eutrophication is one of 
selective reduction of effective (in terms of algal growth) sources of phosphorus, rather than 
reducing every phosphorus input in the basin. Such a policy puts forward a strategy at the scale 
of the whole catchment and could be carried out by using tools like PEGASE (abbreviation 
meaning "planning and management of water treatment"). This is a basin model taking into 
account the physical characteristics of the rivers, the inputs of carbon, nitrogen and phosphorus 
from various point and non-point sources, and all the processes which take place in the river, 
including the functioning of the ecosystem. Whatever the means of the strategy which is finally 
adopted to overcome eutrophication of large rivers, it should imply an approach at the scale of 
the whole drainage basin and, in many cases, international collaboration in order to develop 
common management policies. 
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